Malassezia species, which are skin colonizers, are being debated as to their pathogenic role in various cutaneous diseases. Species identification of Malassezia is important as particular species have been implicated in or associated with specific diseases. Malassezia japonica, a relatively newly described species, has not been completely characterized owing to the rarity of its isolation. In the present study we describe phenotypic and molecular characterization of six M. japonica strains isolated from patients with psoriasis vulgaris. In contrast to the physiological and biochemical properties of the M. japonica type strain, CBS9348, all our isolates assimilated Tween 20 and showed positive b-glucosidase activity, and the Cremophor EL utilization test was negative. However, the sequences of the D1/D2 region of rDNA, ITS2 and IGS1 regions of all our isolates clustered with the type strain of M. japonica.
INTRODUCTION
Malassezia species are commensal yeasts residing in the sebaceous areas of human skin. They have been implicated in several dermatoses, including pityriasis versicolor, seborrhoeic dermatitis/dandruff, pityrosporum folliculitis, psoriasis and atopic dermatitis (Cabañes, 2014) .
To date, 14 species have been described in the genus Malassezia (M. furfur, M. obtusa, M. globosa, M. slooffiae, M. sympodialis, M. pachydermatis, M. restricta, M. dermatis, M. equina, M. japonica, M. nana, M. yamatoensis, M. caprae and M. cuniculi). Malassezia species identification is important as particular species have been implicated in/associated with specific dermatoses. M. globosa and M. restricta are associated with seborrhoeic dermatitis/dandruff, whereas M. globosa and M. furfur are associated with pityriasis versicolor (Gaitanis et al., 2012) . In addition, species identification is essential to understand the epidemiology, ecology and pathogenesis of disease caused by these yeasts. Speciation in Malassezia is based on phenotypic (biochemical, physiological, morphological) and molecular characterization (Guého et al., 1996) . M. japonica was isolated for the first time from cutaneous lesions of atopic dermatitis patients as well as skin of healthy subjects in Japan (Sugita et al., 2003) . M. japonica has been rarely reported outside Japan. Though this species has been identified from the DNA collected from patients with Malassezia-associated skin disease, live cultures are not available for detailed characterization. In our previous study on association of Malassezia species with psoriasis, we isolated six M. japonica strains from five psoriasis vulgaris patients (Rudramurthy et al., 2014) . In the present study we describe the phenotypic and molecular characterization of these particular M. japonica isolates.
METHODS
Six M. japonica strains isolated from psoriasis patients were thoroughly characterized by phenotypic and molecular methods. These strains had earlier been identified by a few conventional tests and PCR-RFLP of the ITS2 region of rDNA and sequencing of the D1/D2 region of 26S rDNA (Rudramurthy et al., 2014) . Although molecular methods confirmed them as M. japonica, conventional test results were different from those of the standard M. japonica strain. These six M. japonica isolates were further characterized.
Phenotypic characterization of M. japonica isolates. In addition to the macroscopic and light-microscopic characterization and the determination of physiological properties such as catalase activity, b-glucosidase activity (splitting of aesculin), ability to assimilate different Tween compounds (Tween 20, 40, 60, 80 and Cremophor EL) (Guého et al., 1996 (Guého et al., , 1998 , we also carried out a detailed morphological study by scanning electron microscopy (AG-EVO 40 Series; Carl Zeiss), and tested the ability to grow at different temperatures (32, 37 and 40 uC) . The type strain of M. japonica (CBS9348) was also tested.
Molecular characterization of Malassezia japonica isolates by DNA sequencing and phylogenetic tree reconstruction.
with universal primers NL-1 (59-GCATATCAATAAGCGGAGGA-AAAG-39) and NL-4 (59-GGTCCGTGTTTCAAGACGG-39) (Kurtzman & Robnett, 1997) . Sequencing of the ITS2 region of rDNA gene was carried out with the same primer pairs, ITS3 and ITS4, as used for PCR-RFLP (Gaitanis et al., 2006; Rudramurthy et al., 2014) . Additionally, amplification of the intergenic spacer 1 (IGS1) region of rDNA was performed with the primer pairs 26SF (59-ATCCTTTGCAGA-CGACTTGA-39) and 5SR (59-AGCTTGACTTCGCAGATCGG-39) (Sugita et al., 2002) .
Purification of amplified gene products (26S, ITS2 and IGS1 regions of rRNA gene) was performed by means of a gel extraction kit (QIAquick; Qiagen). Sequencing PCR of both the strands of the DNA was performed using the above-mentioned primers and the BigDye Terminator Cycle Sequencing kit, version 3.1 (Applied Biosystems). The PCR products were purified and analysed on an ABI 3130 Genetic Analyzer (Applied Biosystems). The sequences were analysed using Bionumerics software (version 7.1; Applied Maths), and compared with sequences in the GenBank DNA database (http:// www.ncbi.nlm.nih.gov/Genbank/index.html) and the CBS-KNAW Fungal Biodiversity Centre database (http://www.cbs.knaw.nl/).
The evolutionary history was inferred using the neighbour-joining method (Saitou & Nei, 1987) . The evolutionary distances were computed using the maximum composite likelihood method (Tamura et al., 2004) . Evolutionary analyses were conducted in MEGA5 (Tamura et al., 2011) .
RESULTS
Salient clinical features of the patients from which M. japonica was isolated and numbers of colonies isolated from the lesions are shown in Table 1 . Fig. 1 shows the scanning electron microscopy features of M. japonica. In contrast to the physiological and biochemical properties of the M. japonica type strain, CBS9348, all our isolates assimilated Tween 20, exhibited b-glucosidase activity and did not utilize Cremophor EL. Results of species identification by PCR-RFLP were in concordance with the results of ITS2, 26S and IGS1 regions of rDNA sequences. NCBI BLAST analysis of both the sequences of the 26S rDNA and the ITS2 region of rDNA had more than 99 % identity with the sequences of the M. japonica type strain, CBS9348, whereas the IGS1 region had 95 % identity with the type strain of M. japonica (M 9966, AB105063). The phylogenetic relationship of M. japonica with other Malassezia species is shown in Fig. 2 .
All the sequences of M. japonica have been deposited in the GenBank database (http://www.ncbi.nlm.nih.gov/Genbank/ index.html) with the accession numbers KJ607882 to KJ607884 (ITS2 region of rDNA) and KP268763-KP268768 (IGS1 region of rDNA). The isolates have been deposited at the National Culture Collection of Pathogenic Fungi (NCCPF), PGIMER, Chandigarh, India as NCCPF127094-NCCPF127099.
DISCUSSION
M. japonica has never been reported from India and hardly ever been reported outside Japan. In a survey of the cutaneous Malassezia microflora of dermatoses (pityriasis versicolor, seborrhhoeic dermatitis, atopic dermatitis and psoriasis) cases, M. japonica could only be isolated from psoriasis cases (Rudramurthy et al., 2014) . Since the first isolation of M. japonica from atopic dermatitis and healthy controls in 2003 (Sugita et al., 2003) until now, the majority of M. japonica reported has been identified directly by extracting the DNA from clinical samples without attempting isolation. Very few cultures are available in different culture collection centres. As M. japonica has rarely been isolated, its phenotypic characteristics are not well defined. Physiological characteristics to differentiate Malassezia (Waslen, 1986; Rudramurthy et al., 2014) . Fig. 2 . Phylogram of the presently known Malassezia species generated using the maximum composite likelihood method based on the 26S region (a), ITS2 region (b) and IGS1 region (c) of rRNA gene sequences. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. species, such as b-glucosidase activity and assimilation of Cremophor EL, have not been described in the literature for M. japonica (Cabañes et al., 2011; Gaitanis et al., 2012) . Our results revealed that none of the six isolates tested assimilated Cremophor EL, whereas all those isolates could split aesculin, showing b-glucosidase activity. In contrast to the earlier finding that M. japonica does not assimilate Tween 20, we found that all six isolates assimilated Tween by forming a neat ring of colonies around wells containing Tween 20. The phenotypic characteristics of M. japonica obtained in our study and the findings described in earlier studies are given in Table 2 .
Both PCR-RFLP of the ITS2 region and sequencing of the 26S rDNA, ITS2 and IGS1 regions of rDNA identified M. japonica accurately. The dendrogram constructed using the sequences of 26S rDNA and the ITS2 region of rDNA showed M. japonica to be distinct from other described species and to cluster with the type strain of M. japonica, CBS9348, thus indicating that these are conspecific strains. Though all these six strains were isolated from different patients, there was no variation in the 26S rDNA and the ITS region of rDNA sequences. The IGS region of rDNA is known to exhibit higher variation in Basidiomycetes, as has been described for Trichosporon species. Sequence variation in this region has been exploited to describe the different genotypes within a given species (Sugita et al., 2002) . However, IGS sequence data are not available for many Malassezia species. The phylogenetic tree reconstructed using M. restricta (CBS7991) as an outgroup showed clustering of all our isolates in a single group and minimal variation (5 %; nucleotide deletion and nucleotide substitution of eight bases each) from the type strain of M. japonica (M9966, AB105063; 311 bp).
Data on the epidemiology of Malassezia spp. or distinct genotypes within a species are sparse. An important problem encountered during culture-based epidemiological studies is the isolation of a mixture of species from both healthy and diseased skin. As per our knowledge to date, M. japonica has been isolated only in two cases: (i) from the left forearm of a healthy 22-year-old Japanese female (Sugita et al., 2003) , and (ii) from an Iranian seborrhoeic dermatitis patient (Hedayati et al., 2010) . M. japonica has not been isolated by culture in any other epidemiological studies conducted in healthy individuals or in dermatoses. However, data from non-culture-based methods showed the presence of M. japonica DNA in all types of dermatoses and healthy skin in the Japanese population. The percentage of M. japonica DNA detected varied between 4 and 58 % among healthy individuals and in patients with pityriasis versicolor, seborrhoeic dermatitis and atopic dermatitis (Morishita et al., 2006; Tajima et al., 2008) . M. japonica DNA was detected in 27 % of 22 Japanese psoriasis patients (Amaya et al., 2007) . The details of culture-and non-culture-based epidemiological studies are given in Table 3 . These data suggest that M. japonica may be associated with various dermatoses. Lack of standard culture medium for primary isolation, variations in the technique of isolation and recovery, and finally, incomplete description of phenotypic tests for identification of M. japonica have limited the description of this species. Their culture may serve as an important source for further taxonomical study and to assess the probable virulence potential of this species. Characterization of Malassezia japonica
